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Flash pyrolysis of a gas mixture containing iodine, oxygen 
and argon yields the hitherto unknown iodine superoxide, 
which can be identified by its W absorption 

after trapping the pyrolysate at 12 K. Irradiation converts io- 
dine superoxide into iodine dioxide, identified by its IR and 

= 254 nm) UV spectra. 

In 1844 Millon prepared the first iodine oxide"], later 
identified by Kappeler as diiodine tetroxide 1204 (1)L21. 
However, even today our knowledge of the oxides of iodine 
is rather fragmentary. The well-characterized compounds 
1204 (l)L3], 1205 (2)L4] and 1206 (3)L51 all have polymeric 
structures and decompose on heating. Little is known about 
the identity and structure of the solid 1409 (4)L61. 
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In contrast to the chlorine compounds only one iodine 
oxide with monomeric structure, the radical monoxide 10' 
(5), has been characterized beyond doubtU71. For monomeric 
iodine dioxide 010' (6) solely the ESR spectrum was re- 
ported[*]. The appearance of 6 as an intermediate in the 
flash photolysis and pulse radiolysis of aqueous iodate solu- 
tions has been the subject of some debateL91. Buxton and 
Sellers finally showed that a UV absorption at 490 nm, orig- 
inally attributed to the neutral radical 010' (ti), is due to 
the species 10:- instead["'l. 

Our motivation for an examination of the system 12/02 
had two different origins. Firstly, the flash pyrolysis of gas 
mixtures Br2/02/Ar and subsequent photolysis of the pyro- 
lysate turned out to be a new and convenient route for the 
matrix-isolation of the two isomers bromine superoxide 
BrOO' and bromine dioxide OBrO""]. The question arose 
as to whether the flash pyrolysis of a gas mixture 12/02/Ar 
would lead analogously to the formation of the hitherto 
unknown iodine superoxide 100' (7) and upon photolysis 
to iodine dioxide 010' (6).  

Secondly, in the course of our studies on tetra-tert-butyl- 
tetrahedrane (8) we found a unique oxidation reaction. A 
cyclic peroxide (9) was the only product, when 8 was treated 
with oxygen in presence of traces of We had rea- 
sons to assume, that in this reaction the attacking oxygen 

was activated by the iodine - perhaps by the formation of 
a complex between oxygen and iodine - rather than the 
substrate 8 via a SET process. This type of oxygen acti- 
vation with iodine had not to our knowledge been reported 
in the literature. Thus a better understanding of the system 
12/02 was desirable. 
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Matrix-Isolation Experiments 

A gas mixture 12/02/Ar was subjected to a high-vacuum 
flash pyrolysis at 900°C and the pyrolysate was trapped on 
a cold CsI window (12 K). The UV spectrum is shown in 
Figure 1 and exhibits, apart from the absorption of iod- 
ine[13], a new UV band with h,,, = 254 nm. Considering 
the known UV absorptions of C100' (Imax = 247 nm)[l4] 
and BrOO' (h,,, = 262 nm)[l'] we assign this UV band to 
iodine superoxide 100 '  (7). In accordance with the obser- 
vation that the UV absorption of BrOO' is much stronger 
than its JR band, it is not too surprising that no corre- 
sponding IR spectrum of 7 could be detected. 

This reflects the decreasing stability of halogen superox- 
ides with increasing atomic number of the halogen: While 
chlorine superoxide ClOO' can even be observed in the gas 
phase[14], the identification of BrOO' by its IR and W 
spectra was only possible under matrix conditions['l]. In the 
case of TOO' (7) the concentration of generated and matrix- 
isolated molecules is too low to obtain a measurable IR ab- 
sorption. 
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Figure 1. UV spectrum of 100' (7) Figure 2. UV spectrum o f  010' (6). The numbers assign the corre- 

sponding progression 
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Obviously the tendency to decompose to x' and O2 in- 
creases with increasing mass of the halogen X'. These find- 
ings can be rationalized by the decreasing X - 0 0  bond en- 
ergy: In contrast to the values for FOO' (= 49 kJ/mol)['s"] 
and ClOO' (= 20 kJ/mol)[lSb] no experimental data for 
BrOO' are known. An estimated bond dissociation energy 
of 3.9 kJ/mol was based on a radical-molecule complex['sc] 
and seems to be too low, considering the experimental ob- 
servation of BrOO""]. However, the dissociation energy of 
the bromine compound is expected to be considerably 
smaller than the known value for the chlorine com- 
pound[lsd1. Thus, the low stability of BrOO' is apparent. It 
can be assumed from these figures, that the bond energy of 
7 is even lower than the corresponding value of BrOO'. In 
this context, the question arises whether 7 should really be 
described as a molecule with a distinct covalent iodine-oxy- 
gen bond or should better be described as a complex be- 
tween the iodine atom and the oxygen molecule. 

Upon short irradiation (20 min) with 254 nm light, the 
UV band of 7 vanished and a new UV absorption of iodine 
dioxide 010' (6) with a maximum at about 5.50 nm ap- 
peared. The structured band of 6 shows a progression of 
strong doublets (lower wavelengths: series 1; higher wave- 
lengths: series 2) and a very weak third progression (series 
3). Band positions of all three series are given in Table 1. 
The spectrum is shown in Figure 2, in which the series are 
marked with the corresponding numbers. 

In view of the fact that the UV spectrum of 010' (6) is 
very similar to the UV spectra of OCIO' (A,,, = 360 
nm)[l4l and OBrO' (A,,, = 490 nm)['' 161 we interpret the 
structured band of 6 in analogy to an assignment made 
earlier for OBr0*[16]. According to this assignment the pro- 
gressions are caused by the vibrational structure within the 
electronic transition A2A2 t X2B1. Series 2 can be attri- 
buted to the excitation of the symmetric stretching vi- 
bration (vn, 0, 0) t (0, 0, 0), while series 1 results from a 
combination of bending and symmetric stretching vi- 
brations (vn, 1, 0) t (0, 0, 0). The very weak third pro- 
gression involves two quanta of the bending vibration to- 
gether with the symmetric stretching vibration (vn, 2, 0) t 
(0; 0, 0). 

In the IR spectrum, in addition to the ozone bands at 
1038.5 and 1033.2 cm-', two new bands appeared simul- 
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Table 1. UV absorptions (nm) o f  010' (6) 

Series 1 Series 2 Series 3 

467 
480 483 
494 498 
509 514 
525 530 
542 548 
560 566 574 
580 587 596 
601 609 618 
626 634 

taneously with the UV absorptions at 550 nm and hence 
were also assigned to 6.  The asymmetric stretching vi- 
bration v3 (800.3 cm-') and the symmetric stretching vi- 
bration v1 (768.0 cm-') could be observed (see Table 2 and 
Figure 3). 

Table 2. IR absorptions [cn-'] and rel. intensities (exp.: peak areas) 
of 010' (6) 

O z l k  matrix 0 2  matrix Assignment 

800.3 (1.00) 801.3 (1.00) v, (OIO)Lb' 

797.4La' 
795.4La1 

768.0 (0.1 1) 769.5 (0.12) v, (oro)~c~ 

798.9''' 796.51a1 

766.1 ['I 768 .0Ia1 

La] Band s lit due to site effects. - Lb] Asymmetric stretching vibra- 
tion. - [crSymmetric stretching vibration. 

The band positions in the IR spectrum give strong indi- 
cations of the bonding character in 010' (6). In the IR and 
Raman spectra of 1204 (l)[l7"], 120s (2)[17al and 1409 (4)L61 
bands at about 800 cm-' were found, which, in accordance 
with the corresponding crystal structures, can be attributed 
to an 1=0 "double bond" stretching vibration (on the basis 
cf the observed absorptions a force constant of 5.15 mdyn/ 
A was which gives, using Sieberts rule, a bond 
order of 1.51[17cl). For 1-0 "single" bonds, on the other 
hand, IR absorptions at about 600 cm-' were observed. On 
the basis of these figures, one can argue that the I 0  bond 
in 010' (6) possesses some double-bond character. This 
may be explained by 7c-back-bonding from a filled p-orbital 
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Figure 3. 1R spectrum of 010' (6). The experimental spectrum is 
a difference spectrum of the matrix-isolated pyrolysate after irradi- 
ation of 100. (7) with 254 nm light (positive values) and before 

irradiation (negative values) 

Scheme 1, which is similar to that used for the ~ ~ ~ / 0 ~  
system (for a detailed discussion See Ref.["]), summarizes 
the observations and shows that iodine and bromine are  

i- ~ I very similar in their behaviour towards oxygen. 
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on the oxygen atoms to an empty d- (or  f-) orbital of  iodine 
in addition to the regular o-bond.  

Irradiation with wavelengths longer than 395 nm caused 
a decrease in the amount  of 6 and a reversion to 7 (as indi- 
cated by the UV spectra). This interconversion is an ad- 
ditional structural proof for both isomers 6 and 7. 

Flash pyrolysis of a gas mixture of I2 and O2 only (no 
argon added), followed by the photolysis of the matrix-iso- 
lated pyrolysate with 254 nm light, also led to the formation 
of 010' (6). D u e  to the poor transparency of  the oxygen 
matrix no UV spectrum could be recorded. 

If the  pyrolysate of  a gas mixture 12/02/Ar was exposed 
t o  a long-term irradiation (17 h)  with 254 nm light, in  ad- 
dition to the U V  band of 6 the UV progression band of 
iodine monoxide 10' (5) at A,,, = 430 nm appeared"']. We 
thus assume that the photochemical isomerization between 
iodine superoxide 100' (7) and iodine dioxide 010' (6) 
proceeds via 5 as a n  intermediate. The oxygen atoms 
formed in this reaction can be trapped by oxygen molecules 
with the formation of  ozone. 

Scheme 1. Generation and photochemical isomerization of 100' 
(7) 
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Conclusion 
Thermally generated iodine atoms react with molecular 

oxygen to produce iodine superoxide 100' (7). This species 
might be the reactive intermediate responsible for a cata- 
lytic activation of oxygen by iodine. Upon photolysis 7 iso- 
merizes into iodine dioxide 010' (6). 

Experimental Section 
Equipment for matrix isolation, photolysis, and pyrolysis: 
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